Oxidation of bis(2-hydroxy-1 -naphthyl)methane (4a) with 2,3-dichloro-5,6-dicyano-l,4-benzoquinone (DDQ) has been shown to give the novel compounds, cis-and trans-dispiro(naphtha1ene-1,2'(1'H)-naphtho[2,1 -b)pyran-3',1 "-naphthalene}-2(1 H),2"(1 "H)-dione (1 2a) and (13a) together with the quinone methide dimer (6a) and the spiroketone (5a). Compounds (12a) and (13a) were characterised on the basis of their spectral properties and the structures were finally confirmed by an Xray crystal structure analysis of (1 2a). Hydrogenation of compounds ( I 2a) and (1 3a) has been shown t o give the dihydroxy compound (14) via C-C bond cleavage. An alternative synthesis of the dispironaphthalenones (12a) and (13a) was achieved by oxidation of the dihydroxy compound (14), prepared by an independent method. The generality of the oxidation of bisnaphthols of type (4a) to give novel products of the type (1 2a) and (13a) has been shown by studying the oxidation of the variously substituted bisnaphthols (4b--d,f) with DDQ. A mechanism has been proposed invoking the intermediacy of the quinol ethers (22) and (24).
We have reported that' oxidation of the oxydiphenol (1) with tetrachloro-o-benzoquinone (o-chloranil) gives a mixture of two isomeric spiro products (2) and (3) . Compound (3) results from normal oxidative coupling, whereas (2) results from an unusual rearrangement. With a view to understanding the generality and mechanism of this rearrangement, the reaction of bis(2-hydroxy-1-naphthy1)methane (4a) with o-chloranil was studied.' Interestingly this reaction gave the products (5a), (6a), and (7) along with (2) and (3).t A mechanism was proposed to explain the formation of these products invoking the intermediacy of the quinol ether (8) which disproportionates to give the oxydiphenol (1) and 1,Znaphthoquinone 1-methide (9) . However, this mechanism could not be substantiated, since the oxydiphenol (1) could not be isolated from the reaction. We thought that oxidation of the bisnaphthol (4a) with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) would throw more light on the mechanism. Hence this reaction was studied and the results are discussed in this paper.
The reaction of the bisnaphthol (4a) with DDQ (1 : 1 molar ratio) was carried out in refluxing dry benzene. The resulting reaction mixture was concentrated and chromatographed, over neutral alumina. Elution with benzene gave the known spiroketone (5a) and the naphthoquinone methide dimer (6a). Further elution with chloroform gave a dark yellow solution from which two yellow compounds were isolated. The major product showed a molecular ion peak at m/z 440. High resolution mass spectrometry indicated an elemental composition of C31H2003 for this molecule. The i.r. spectrum of this compound showed the presence of two conjugated carbonyl groups (vmaX. 1690 and 1670 cm-'). The significant features of 'H n.m.r. spectrum are: (i) the presence of non-equivalent methylene protons as shown by the coupling constants of the two upfield doublets (6 3.27 and 4.29) and (ii) the presence of two doublets at 6 5.83 and 6.0 which are not mutually coupled (double irradiation experiments) probably due to two a-protons of the enone systems. These spectral data indicated the presence of two a$-unsaturated carbonyl groups. To obtain further t The numbering used for compounds (5) and (6) is not systematic but is used for consistency with compounds (12) and (13). The letters in the parentheses indicate the nature of the signal in the offresonance decoupled spectrum; very similar values may be interchanged, details of the structure, the 13C n.m.r. spectrum of this compound (Table I ) was studied. The spectrum showed the presence of two carbonyl groups, and three sp3 carbon atoms; one CH2 and two bearing no H-atoms. A comparison of the ' 3C chemical shift values of this compound with those of the spiro compounds (5a) and (6a) ( Table 1) indicated the presence of fragment (10) in this molecule. The similarity between the U.V. spectrum of this compound and that of (6a) (see Experimental section) further supported this. Comparison of the 13C n.m.r. spectra of the P-dienones (3) containing the P-spirodienone moiety of type (11) (Table 2) confirmed the presence of such a moiety in this compound. Structure (12a), which was assigned to this compound on the basis of the above spectral data, was finally confirmed by an X-ray crystal structure a n a l y~i s .~ The positional co-ordinates corresponding to an R-value of 0.1 17 are available from the Cambridge Crystallographic Data Centre.* Figure 1 shows a perspective view of the molecule and it may be seen that the two carbonyl groups face the same side.
In other words, the molecule has R,R or S,S configuration (cisconfiguration), the torsion angle C(2)-C( 1 )-C( 1 ")-C(2") being The other compound which was isolated in trace amounts from the chloroform fraction shows spectral (i.r., n.m.r., mass) properties similar to those of compound (12a). In addition, both compounds on hydrogenation with 10% Pd-C gave the same dihydroxy derivative (vide supra) indicating that this compound could be the diastereoisomer of (12a), i.e. it should have R , S or S , R configuration (trans-configuration). Hence, the structure of this compound can be represented as (13a).
Catalytic hydrogenation of the both cis-and trans-dispironaphthalenones (12a) and (13a) with 10% Pd-C gives a dihydroxy derivative (M' 442) identified as 1 -[(2-hydroxy-1 -naphthyl)methyl]-2-(2-hydroxy-1 -naphthyloxy)naphthalene (14) . This is apparently formed by cleavage of the C(2')C- (3') bond * instead of the C(3')-0 bond? which would lead to the dihydroxy compound (14) . Interestingly the C(2')-C(3') bond is found to be unexpectedly long 1.616 (15) 
HO
Br moR acetic acid also gave the same dihydroxy compound (14) (mixed m.p., and i.r. and H n.m.r. spectra), through the cleavage of the C(2')-C(3') bond. The presence of two hydroxy groups in (14) was confirmed by converting it into the corresponding dimethyl ether (15) and dibenzyl ether (16) . The structure of the dihydroxy compound (14) is indicated by its spectral data and by the spectral data of its dimethyl and dibenzyl ethers; we confirmed its structure by an unambiguous synthesis (see below). Further, the oxidation of the dihydroxy compound (14) by any phenol oxidising agent should furnish the dispironaphthalenones (12a) and (13a). Thus (14) is an alternate intermediate for the synthesis of (12a) and (13a).
The most convenient synthetic precursor to (14) was thought to be the dimethyl ether or dibenzyl ether. As compound (14) decomposes near its melting point (127-128 "C) it would be necessary to remove the protecting groups at low temperatures. An attempt to synthesise the dibenzyl ether (which could be debenzylated at room temperature by Pd-C hydrogenation) by Ullmann condensation of (18)' and (20) failed. However, the reaction between bis(2-hydroxy-1-naphthy1)methane monomethyl ether (19) and 1 bromo-2-methoxynaphthalene (21) gave the expected dimethyl ether (15) in 25% yield. The dimethyl ether was identical with that obtained by methylation of the dihydroxy compound (14) . As already mentioned, since the dihydroxy compound decomposes near 127 "C, the readily available demethylating agents HBr-AcOH or pyridine-HC1 could not be used. However, demethylation was achieved using boron tri bromide, although, in poor yield. The demethylated compound was found to be identical (m.p., i.r. and n.m.r. spectra, and t.1.c.) with the dihydroxy compound (14) . Oxidation of the dihydroxy compound with active manganese dit Similar spironaphthalenones of type (3), (59, and (6) have been shown to undergo C-0 bond cleavage on hydrogenation with Pd-C (10%) to give the corresponding dihydroxy compounds; ref. oxide gave a nearly quantitative yield of a yellow compound identical with the cis-dispironaphthalenone (12a). Oxidation with DDQ in refluxing dry benzene also gave mainly the cisdispironaphthalenone (l2a) along with a trace of the transisomer (13a). This further confirmed the structures of (12a) and (13a) as well as of the dihydroxy compound (14).
To study the generality of this reaction, the oxidation of the bisnaphthols (4b-9 was undertaken and the results are summarised in Table 3 . Similar results were observed in all cases, except for the cyanobisnaphthol(4e). Oxidation of (4b) and (4c) gave the expected quinonemethide dimers (6b) and (k), the spiroketones (5b) and (5c), and the cis-dispironaphthalenones (12b) and (l2c) together with traces of the trans-isomers (13b) and (13c), respectively. In the oxidation of the methoxybisnaphthol (4) the yield of cis-dispironaphthalenone (12d) was low; and the trans-isomer could not be isolated. Oxidation of the monobromobisnaphthol (49 gave the monobromodispironaphthalenone (1%) and the dibromodispironapthalenone (120. A 1 : 1 mixture of the bisnaphthols (4a) and (4b) on oxidation with DDQ gave the dibromodispironaphthalenone (12g) along with (12a) and (12b). Oxidation of the cyanobisnaphthol (4e) gave only the spiroketone (9).
A possible mechanism for the formation of these products from the oxidation of bisnaphthols is shown in Scheme 1. As in the case of o-chloranil oxidation,2 isolation of the quinonemethide dimer (6) in DDQ oxidation also indicates the gener- ation of 1,2-naphthoquinone l-methide (9) as an intermediate. The initial step may be the formation of the quinol ether (22) similar to that formed in o-chloranil oxidation. The formation and disproportionation of quinol ethers are well documented in the literature.'-' The quinol ether (22) could disproportionate to give the o-quinonemethide (9) [which leads to the dimer (6a)] and the oxydiphenol (23). The oxydiphenol (23) may undergo an intermolecular crossed oxidative coupling with the bisnaphthol (4a) in the presence of DDQ to give another quinol ether (24), which may undergo disproportionation to give the dispironaphthalenones (12a) and (13a).* The spironaphthalenone (5a) is formed by direct intramolecular coupling of the bisnaphthol (4a). It should be mentioned that although quinol ethers are generally unstable above room temperature, their formation as transient species in refluxing benzene is not improbable. The formation of the monobromodispironaphthalenone (12e) and the dibromodispironaphthalenone (120 in the oxidation of the monobromobisnaphthol (40 is readily understandable by this mechanism.
As mentioned before, oxidation of the cyanobisnaphthol(4e) with DDQ gave only the directly coupled spiroketone (5). A similar observation was made in the case of the o-chloranil oxidation of (4e), which also gave only the spiroketone (5). The absence of the other expected products in these two reactions may indicate that the intermediate quinol ethers (22) and (8) were not formed.
Experimental
All melting points are uncorrected. U.V. spectra were recorded on a Unicam SP 700A spectrometer and i.r. spectra (Nujol) were *The cis-compound (12a) is formed in larger proportions than the trans-compound (13a) in this oxidation. The quinol ether (24) may have a conformation in which the carbonyl and the hydroxy groups are on the same side as shown in Figure 2 , owing to stabilisation by intramolecular hydrogen bonding (Dreiding models). This particular conformation could lead to predominance of the cis-compound (12a). * recorded with a Perkin-Elmer 397 spectrophotometer. H N.m.r. spectra were recorded either on a Varian T-60, a Varian HA-100, or a Brucker-WH-270 MHz F.T. n.m.r. spectrometer and 13C n.m.r. spectra were recorded on a Brucker-WH-270 spectrometer at an operating frequency of 67.89 MHz. Chemical shifts ('H and 3C) are given as 6 values (p.p.m.) relative to tetramethylsilane as internal standard. Ether refers to diethyl ether.
Oxidation of Bis(2-hydroxy-1 -naphthyl)methane (4a).-A solution of the bisnaphthol (4a) l 6 (4.0 g) in dry benzene (300 ml) was refluxed with DDQ (3.3 g) for 8 h, avoiding exposure to light. The precipitated hydroquinone was filtered off after cooling. The filtrate was concentrated and chromatographed over neutral alumina. Elution with benzene gave a light yellow solution containing two compounds. The compounds were separated by preparative t.1.c. [silica gel, benzene-hexane (1 : I)] to give the known spironaphthalenone (5a) (480 mg) and the quinone methide dimer (6a) (440 mg).
Further elution with chloroform gave a dark yellow solution which on concentration followed by addition of a little hexane, gave yellow needles of cis-dispiro(naphtha1ene (1 H, d, J9.7 Hz), 6.69 (1 H, d, J lOHz), 6.77(1 H, d, J9.7Hz), m), m) ; m/z 440 ( M + ) .
Hydrogenation of Compound( 12a).-A solution of compound (12a) (300 mg) in ethyl acetate (100 ml) was stirred with 10% Pd-C catalyst (50 mg) in an atmosphere of hydrogen until hydrogen uptake ceased (12 h). After filtering off the catalyst, the solvent was removed under reduced pressure and the residue crystallised from benzene-hexane to give colourless needles of 1 -( 2-hydroxy-1 -naph thyl)methyl-2-( 2-hydroxy-1 -naphthyloxy)naphthalene (14) (250 mg Hydrogenation ofCompound( 13a).-A solution of compound (13a) (50 mg) in ethyl acetate (80 ml) was stirred with 10% Pd-C catalyst (10 mg) in an atmosphere of hydrogen until hydrogen uptake ceased (8 h) . After filtering off the catalyst, the solvent was removed under reduced pressure and the residue crystallised from benzene-hexane to give colourless needles of (14) (30 mg) (identical with the product obtained in the previous experiment).
Reduction of Compound (12a) with Zinc and Acetic Acid.-Compound (12a) (200 mg) in 50% aqueous acetic acid (50 ml) was heated under reflux with zinc dust (2.5 g) for 3 h. The hot solution was filtered and the zinc washed with a little methanol. The solvents were removed under reduced pressure. The reddish residue was recrystallised from benzene-hexane to give colourless needles of (14) (120 mg) identical with the product obtained in the previous experiment). Compound (14) .-A solution of compound (14) (150 mg) in acetone (75 ml) containing dimethyl sulphate (0.5 ml) and fused potassium carbonate (1 g) was refluxed for 24 h. Potassium carbonate was filtered off. Removal of the solvent under reduced pressure and crystallisation of the residue from benzene-hexane gave colourless crystals of dimethyl ether (15) ( 100 mg Benzylation of Compound (14) .-A mixture of compound (14) (100 mg) and powdered potassium hydroxide (0.2 g) in dry methanol (10 ml) was refluxed on a water-bath for 15 min. Benzyl chloride (0.5 ml) was then added and refluxing was continued for 2 h. The product was diluted with water, heated on a water-bath for 0.5 h, and then extracted with ether. The ether solution was concentrated and the product was purified by t.1.c. [silica gel, benzene-hexane (1 :1)], to give a gummy sample of dibenzyI ether (16) (40 mg) which could not be crystallised (Found: C, 86.6; H, 4.6. C45H3403 requires C, 86.8; H, 5.5%); 6 , (60 MHz; CDCl3) 4.7 (2 H, S, OCHZPh), 5.0 (2 H, S, OCHZPh), 5.2 (2 H, S, CH2), 6.6 (1 H, d, J 9 Hz), 6.8-7.8 (25 H, m) , and 8.1-8.5 (2 H, m) . (15) by Ullmann Condensation.--A mixture of the monomethyl ether (19) of bis(2-hydroxy-1-naphthy1)methane (5.4 g), 1-bromo-2-methoxynaphthalene (21) (1.4 g), anhydrous potassium carbonate (3.0 g), and copper(I1) oxide (0.8 g) was refluxed in dry pyridine under a nitrogen atmosphere on an oil-bath at 165f 5 "C, for 44 h. The pyridine was then distilled off and the residue was extracted with benzene. The benzene extract was washed successively with 5% aqueous NaOH, water, 5% HCl, and water. The dried (Na2S04) extract was chromatographed over neutral alumina [hexane, benzene-hexane (1 : 2) ]. The hexane fraction on preparative t.1.c. (silica gel, hexane) gave 1-bromo-2-methoxynaphthalene (21) (0.2 g), m.p. 82"C, and 2-methoxynaphthalene (0.35 g), m.p. 72 "C, identified by comparison with authentic samples. The benzene-hexane fraction gave a white solid (400 mg) which on crystallisation from benzene-hexane gave 350 mg of a pure dimethyl ether identical with the dimethyl ether (15) obtained earlier (mixed m.p. and i.r. and 'H n.m.r. spectra).
Methylation of

Synthesis of the Dimethyl Ether
Demethylation of the Dimethyl Ether (15) with BBr3.-A solution of BBr, (supplied by Eastman Kodak Co.) (0.5 ml) in dry methylene chloride (5 ml) was added slowly to a solution of the dimethyl ether (15) (200 mg) in dry methylene chloride (15 ml) , kept cool in a freezing chloroform bath. The mixture, protected from moisture, was stirred for 24 h (during the first 1 h the cooling bath was maintained) at room temperature. Water was then added slowly with stirring and the mixture was extracted with chloroform. The dried, pink chloroform extract was concentrated and on t.1.c. (silica gel, chloroform) the dihydroxy compound (14) (25 mg) was obtained. The other products isolated were the starting material (15) (70 mg) and a compound (10 mg) slightly less polar than (15) which was not identified. (14) with Active Manganese Dioxide.-A solution of compound (14) (100 mg) in dry benzene was stirred with active manganese dioxide (400 mg) for 12 h. The black solid was filtered off and the solvent completely removed. Preliminary t.1.c. showed a single yellow compound with traces of starting material. Recrystallisation of the residue from chloroform-hexane gave compound (12a) (85 mg) (identity confirmed by mixed m.p. and i.r. and 'H n.m.r. spectra). (14) with DDQ.-A solution of compound (14) (110 mg) was refluxed with DDQ (60 mg) in dry benzene (25 ml) for 8 h. On preliminary t.1.c. the benzene solution, obtained after filtering off the hydroquinone, showed two yellow compounds. The solution was chromatographed over neutral alumina. Elution with chloroform gave a yellow solution from which compound (12a) (60 mg) crystallised out on concentration and addition of a little hexane. The transisomer (13a) (10 mg) was isolated from the mother liquor by preparative t.1.c.
Oxidation of Compound
Oxidat ion of Bis( 6-bromo-2-hydroxy-1 -naph th y /)methane (4 b) with DDQ.-A solution of the bisnaphthol (4b) l 6 (4.0 g) was refluxed in dry benzene (600 ml) with DDQ (2.0 g) for 10 h. The precipitated hydroquinone was filtered off after cooling and the benzene solution was chromatographed over neutral alumina [benzene, benzeneshloroform (1 : l) ]. From the benzene fraction, the spironaphthalenone (5b) and quinone methide dimer (1 H, d, J 9 . 7 Hz), 6.71 (1 H, d, J 9 . 7 Hz), 6.77 (1 H, d, J 10 Hz), m) , and 8.02 (1 H, d, J 2 Hz) ; m/z 674 ( M + ) .
Bis(6-t-butyl-2-hydroxy-l-naphthyl)methane (4c).-Formaldehyde (40% aqueous; 1.75 ml) was added to a solution of sodium sulphite (6.3 g) in water (25 ml) containing 6-t-butyl-2-naphtholla (6.4 g) in suspension. This was heated (20 rnin, 100 "C) and the precipitate obtained was filtered off.
Recrystallisation from benzene-hexane gave the bisnaphthol (4c) ( 3 g), 84.3; H, 7.9 . C29W32O2 requires C, 84.4; H, 7.8%); v,,,,(Nujol) 3 3-3 400 cm water), and formaldehyde (aqueous; 40% 1 g) were heated at 100 "C for 30 min. with occasional shaking. The precipitated solid was filtered off, washed with hot water, and recrystallised from acetone-chloroform to give as pale yellow crystals compound (4e) (0.8 g), m.p. 225 "C (Found: C, 78.75; H, 3.9; N, 7.9. CZ2Hl4N2O2 requires C, 78.8; H, 4. Oxidation of the Bisnaphthol(4e) with DDQ.-A solution of the bisnaphthol (4e) (500 mg) in dry benzene (100 ml) was refluxed with DDQ (350 mg) for 10 h. The precipitated hydroquinone was filtered off and the filtrate concentrated and chromatographed over neutral alumina (preliminary t.1.c. test showed only one yellow product). Elution with ethyl acetate gave a yellow product, which was crystallised from acetonechloroform to give the dicyanospironaphthalenone (%), m.p.
231 "C (Found: C, 79.45; H, 3.55; N, 8.1. C2, HI2N2O2 requires C, 79.3; H, 3.5; N, 8 .0%); v,,,.(Nujol) 2 230 (CN) and 1 690 cm-' (x,P-unsaturated ketone); ti,., [60 MHz; (CD, ) ,SO] 3.79 (2 H, 'AB quartet' centre, Av,, 34.1 Hz, JAB 15.6 Hz), 6.3 (1 H, d , J 9 Hz), 7.4 (1 H, d, J 9 Hz), 7.57-8.03 (7 H, m) , and 8.4 (2 H, s) .
Oxidation of the BisnaphthoI(4e) with o-Chlorani1.-A solution of the bisnaphthol(4e) (300 mg) in dry benzene (100 ml) was refluxed with o-chloranil(500 mg) for 15 h. After concentration the reaction mixture was chromatographed over neutral alumina. Elution with ethyl acetate gave the dicyanospironaphthalenone (5). No other products were isolated.
